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Langenskiold
1,2) reported a limited excision of the bone 
bridge of the epiphysis, which was caused by trauma, to-
gether with the physis and its replacement with free fat 
Background: Free fat graft has been used for the treatment of congenital hand differences. However, there have been a few 
reports about the outcome of that treatment. In this study, the outcome of free fat grafts for congenital hand and foot differences 
was investigated.
Methods: Fourteen bones with longitudinal epiphyseal bracket, 3 wrists with Madelung deformity, and 5 cases of osseous syn-
dactyly were treated with free fat graft with osteotomy, physiolysis, or separation of osseous syndactyly. Of the fourteen bones 
with longitudinal epiphyseal bracket, 9 were treated with open wedge osteotomy with free fat graft and 5 with physiolysis and 
free fat graft. The Madelung deformity was treated with physiolysis with free fat graft. For osseous syndactyly, syndactyly release 
with free fat graft was performed ﬁ  ve times on four hands.
Results: In the fourteen cases with longitudinal epiphyseal bracket, lateral deviation improved in all except two cases after sur-
gery. The average lateral deviation angle changed from 32.5 degrees before surgery to 15.2 degrees after surgery. The average im-
provement of the lateral deviation angle was 12.2 degrees in the osteotomy group and 20.6 degrees in the physiolysis group. The 
mean ratio of improvement of the lateral deviation angle to the lateral deviation angle before surgery was 39.4% in the osteotomy 
group and 51.2% in the physiolysis group. The Madelung deformity improved after surgery in two cases but there was no improve-
ment in one case. For these conditions, the results were not good enough when surgery was done after age 13 or at age four for 
severely hypoplastic brachymesophalangy. Of the 5 cases of osseous syndactyly, reunion of the separated bones occurred in one 
case. The grafted free fat should be deep enough to cover the osteotomy site of the bones to prevent reunion of the separated 
bones. 
Conclusions: Physiolysis and free fat graft performed during the growth period can correct the deviation due to longitudinal 
epiphyseal bracket and Madelung deformity. Free fat graft is also useful to prevent reunion of the bones after separation of osse-
ous syndcatyly, if the grafted fat is securely ﬁ  lled into the space between the separated bones.
Keywords: Fat graft, Longitudinal epiphyseal bracket, Delta bone, Osseous syndactyly, Madelung deformity
graft   in order to improve longitudinal growth of the long 
bone. Light and Ogden
3) reported that when the longitu-
dinal epiphyseal bracket was osteotomized and followed 
with free fat graft, it could sometimes be supplemented 
with a bone graft   on the opposite side of the osteotomized 
side of the aff  ected bone. Vickers
4) applied a limited exci-
sion at the midzone of the continuous epiphysis of the lon-
gitudinal epiphyseal bracket, also called the Delta phalanx, 
together with the physis and its replacement, with free fat 
graft   in order to correct the deviation of the phalanx of the 
clinodactyly of the little fi  nger. Th   en he showed that this 
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procedure restored growth in the inherited disorder of the 
delta phalanx. Vickers and Nielsen
5) also applied a similar 
procedure for Madelung deformity and have shown that 
the procedure restores growth and minimizes deformity. 
Th   e authors utilized free fat graft   for the above mentioned 
conditions and also for osseous syndactyly in order to 
prevent reunion of the bones. However, there have been 
few reports about the outcome of this kind treatment.
6,7) In 
this paper, we report our experience of free fat graft   for the 
treatment of congenital hand diff  erences including longi-
tudinal epiphyseal bracket, Madelung deformity and osse-
ous syndactyly. Th   e purpose of this study is to investigate 
outcome of free fat graft   with or without osteotomy for the 
delta phalanx, Madelung deformity and osseous syndac-
tyly.
METHODS
Th   e authors reviewed 14 bones of 10 patients with longi-
tudinal epiphyseal bracket, and 3 wrists of 2 patients with 
Madelung deformity that were treated with physiolysis fol-
lowed with free fat graft  , and 5 cases of osseous syndactyly 
treated with syndactyly release followed with free fat graft  . 
As for the underlying condition of the longitudinal epiph-
yseal bracket, there were 8 cases of clinodactyly, 2 cases 
of congenital hallux varus, 3 cases of abnormal induction 
of digital rays, including 2 cases of central synpolydactyly, 
and one case of cleft   hand.
For the longitudinal epiphyseal bracket, 9 bones 
were subjected to open wedge osteotomy combined with 
physiolysis followed with free fat graft   (osteotomy group); 
and 5 bones were subjected to resection of the midzone 
of the continuous epiphysis of the longitudinal epiphyseal 
bracket followed with free fat graft   (physiolysis group) (Fig. 
1). Th   e ages of patients at the operation ranged from 2 to 
13 years with an average of 4.7 years. For these cases, the 
lateral deviation angle was measured. Lateral deviation 
Fig. 1. Procedures for the longitudinal epiphyseal bracket. Two kind of procedures have been performed for the longitudinal epiphyseal bracket. (A, B) In 
the physiolysis group, the midzone of the longitudinal epiphyseal bracket was excised as shown with the small arrow and replaced with free fat graft 
as shown with the long arrow. (C, D) In the osteotomy group, an open wedge osteotomy was performed at the midzone of the phalanges as shown with 
the transverse line and the deviation was corrected as shown with the small arrow. Then the gap was ﬁ  lled with free fat graft as shown with the long 
arrow. Reprinted with permission from Japanese Society for Surgery of the Hand.
9)
Fig. 2. Postoperative evaluation of the physiolysis for the longitudinal 
epiphyseal bracket and the Madelung deformity. (A) Lateral deviation 
angle (LDA): LDA is deﬁ  ned as the angle between the longitudinal axis 
of the metacarpal bone (a) and that of the distal and proximal phalanges 
(b) of the affected digit or toe. (B) Inclination of the distal radius: The 
inclination of the distal radius is defined as the angle between the 
perpendicular line (c) of the longitudinal axis of the radius and the line 
of the distal articular surface of the radius (d) by using an AP view of 
the roentgenogram. (C) Palmar shift of the hand: Palmar shift of the 
hand is defined as the ratio of the shortest distance (f) between the 
scaphoid tubercle and the extension line of the palmar cortex of the 
radial shaft to the width (e) of the radial shaft by using a lateral view of 
the roentgenogram. Reprinted with permission from Japanese Society for 
Surgery of the Hand.
9)47
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angle is defi  ned as the angle between the longitudinal axis 
of the metacarpal bone and the distal and proximal pha-
langes of the aff  ected digit or toe (Fig. 2).
8) Th  e  percentage 
of improvement in the lateral deviation angle was calcu-
lated as the ration of improvement lateral deviation angle 
to the lateral deviation angle before surgery. The lateral 
deviation angle at the fi  nal follow-up was compared to the 
lateral deviation angle before surgery. Th   e lateral deviation 
angle and the percentage of improvement of lateral devia-
tion angle to lateral deviation angle before surgery in the 
physiolysis group and that in osteotomy group was investi-
gated. Th   e follow-up period aft  er surgery ranged from 1 to 
8 years with an average of 3.6 years.
For the Madelung deformity, 3 wrists were subjected 
to physiolysis followed with free fat graft   (Fig. 3). Th  e  ages 
at the time of surgery were 11, 12, and 13 years, respective-
ly. For these cases, the inclination of the distal radius and 
the palmar shift   of the hand were measured. Th  e  inclina-
tion of the distal radius is defi  ned as the angle between the 
perpendicular line of the longitudinal axis of the radius 
and the line of the distal articular surface of the radius by 
using an anteroposterior (AP) view of the roentgenogram 
(Fig. 2). Palmar shift   of the hand is defi  ned as the ratio of 
the shortest distance between the scaphoid tubercle and 
the extension line of the palmar cortex of the radial shaft   
to the width of the radial shaft   by using a lateral view of 
the roentgenogram (Fig. 2).
9) Th   e inclination of the distal 
radius and palmar shift   of the hand at the fi  nal follow-up 
were compared with those before surgery. Th  e  follow-up 
period aft  er surgery was 2.5, 1.5, and 1 year, respectively.
For the 5 cases of osseous syndactyly, free fat graft   
was performed aft  er removal of the bone bridge between 
the adjacent united phalanges (Fig. 4). The ages of the 
patients at the time of surgery ranged from 3 to 13 years, 
with an average of 7.2 years. For these cases, the reunion of 
the bones involving osseous syndactyly was evaluated. Th  e 
follow-up period after surgery ranged from 1 to 7 years, 
with an average of 3.6 years. 
Statistical Analysis
Th   e authors compared improvement of the lateral devia-
tion angle before and after surgery using the Wilcoxon 
signed-ranks test. 
RESULTS
Longitudinal Epiphyseal Bracket (Delta Phalanx)
Th   e lateral deviation angle before surgery ranged from 16 
degrees to 75 degrees with an average of 32.5 degrees, and 
at follow-up ranged from 0 to 52 degrees with an average 
of 19.0 degrees (Table 1). Th   e lateral deviation angle aft  er 
surgery ranged from 0 to 31 degrees with an average of 
15.2 degree. Th   e mean ratio of improvement of the lateral 
deviation angle aft  er surgery, which is the ratio of improve-
ment angle to the lateral deviation angle before surgery, 
was 46.7. Th   e deviation angle was signifi  cantly improved 
Fig. 3. Physiolysis with free fat graft for the Madelung deformity 
according to Vickers procedure. (A) Through the palmar approach, the 
radiolunate ligament was removed and the bone block connecting the 
epiphsis across the physis to the metaphysis of the distal radius was 
removed an shown with the oblique long arrow. (B) A dotted area, where 
the bone block was removed, was packed with free fat graft and was 
fixed there by suturing the surrounding tissue such as periosteum or 
the holes of the cortex of the radius. Holes of the bone were made with 
a Kirshner wire. Reprinted with permission from Japanese Society for 
Surgery of the Hand.
9)
Fig. 4. Free fat graft after separation of the osseous syndactyly. Excision 
of the bone bridge (A) and replacement with free fat graft (B) was 
performed.48
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aft  er surgery (p = 0.0015, Wilcoxon signed-ranks test). 
Then, the authors investigated the lateral devia-
tion angles in the osteotomy and physiolysis groups. Th  e 
average improvement of the lateral deviation angle in the 
osteotomy group was 12.2 degrees and 20.6 degrees in the 
physiolysis group. Th   e mean ratio of improvement of the 
lateral deviation angle to the lateral deviation angle before 
surgery in the osteotomy group was 39.4% and was 51.2% 
in the physiolysis group. Improvement and the percentage 
of improvement of the lateral deviation angle aft  er surgery 
seemed better in the physiolysis group than in in the oste-
otomy group. Th   e shape of the bone with the longitudinal 
epiphyseal bracket seemed to change from triangular to 
trapezoidal. Th   at means the diaphysis of the aff  ected bones 
became normal in appearance during the follow-up pe-
riod.
There were 7 cases (Case #3, #5 [both hands], #6, 
#7, #9, #10), in which the percentage of the improved 
angle was less than 50%. Among them, cases #3 and #10 
have been followed up for only one year. In cases #3 and 
#6 with brachymesophalangy, surgery had been done at 
the age of 4, and the hypoplastic middle phalanx with the 
longitudinal epiphyseal bracket was small. During surgery, 
it was diffi   cult to put the fat graft   deep enough in the space 
between the osteotomized bones in these cases. In case #7, 
surgery was done at the age of 13 and although it seemed 
to be too late, the patient was satisfi  ed with the result. 
Madelung Deformity
Th   e inclination of the distal radius before surgery was 41, 
44, and 44 degrees in each case (Table 2). At follow-up it 
was 35, 36, and 48 degrees, respectively. Th   e palmar shift   
of the hand before surgery in each case was 1.82, 2.50, and 
3.00. At the final follow-up, it was 1.55, 2.25, and 3.43, 
respectively. For one case, in which the surgery was per-
formed at the age of 13, the lateral deviation angle and the 
palmar shift   of the hand worsened at the fi  nal follow-up.
Osseous Syndactyly
No recurrence of bone union was observed in 4 out of 5 
cases with osseous syndactyly (Table 3). In one case, in 
which bone union recurred after resection of the bone 
bridge and free fat graft, the same procedure was per-
formed again 7 years aft  er the fi  rst surgery, but the free fat 
was put in the separated space and fixed with a pull out 
nylon technique at the second surgery. No recurrence of 
bone union was observed 2 years aft  er the second surgery.
Table 2. Madelung Deformity Treated with Free Fat Graft
Case no. Gender Afected side Age at 
surgery (yr)
Follow-up 
period (yr)
Radial inclination (degrees) Palmar shift index
Preop. Postop. Preop. Postop.
11 F Right 11 2.5 41 35 1.82 1.55 
12 F Right 12 1.5 44 36 2.50 2.25 
Left 13 1 44 48 3.00 3.43 
Table 3. Osseous Syndactyly Treated with Free Fat Graft
Case no. Gender Clinical diagnosis Afected side Affected bone Age at 
surgery (yr)
Follow-up 
period (yr)
Reunion of the 
separated bones
13 F Osseous syndactyly Right PP of index & middle ﬁ  ngers   9 6 No
14 M Osseous syndactyly Right PP of middle & ring ﬁ  ngers   6 7 Yes
Reccurence of bony union  Right PP of middle & ring ﬁ  ngers 13 1 No
Osseous syndactyly Right DP of middle & ring ﬁ  ngers   3 2 No
15 M Osseous syndactyly Left PP of 3-4 toes   5 2 No
Average   7.2 3.6
"Recurrence of bony union" means "Recurrence of bony union after the osseous syndactyly release". 
PP: proximal phalanges, DP: distal phalanges.50
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Case Reports
In case #7, a 5.8-year-old girl was referred to us because 
of clinodactyly of the left little finger, demonstrating the 
longitudinal epiphyseal bracket of the middle phalanx (Fig. 
5). Th   e lateral deviation angles were 44 degrees. Epiphys-
iolysis followed by free fat graft   was performed. Th  e  lateral 
deviation angle changed from 44 degrees to 27 degrees. 
At the age of 13, it was 13 degrees and the improvement 
was 31 degrees (Fig. 6). Satisfactory improvement has 
been achieved. Th   e patient visited us because of the same 
problem of the right little fi  nger at the age of 13. Th  e  pa-
tient seemed too old for physiolysis only (Fig. 7). Th  e  open 
wedge osteotomy of the middle phalanx was performed 
and the space was packed with free fat graft. The lateral 
deviation angle was 40 degrees before surgery and 30 de-
Fig. 5. Case #7, left hand: clinodactyly of the little finger due to the 
longitudinal epiphseal bracket of the middle phalanx. Excision of the 
midzone of the longitudinal epiphyseal bracket combined with free fat 
graft was performed on the middle phalanx at the age of 6. The lateral 
deviation angle was 44 degrees before surgery.
Fig. 6. Case #7, right hand at the age of 15. The lateral deviation angle 
was improved to 13 degrees 7 years after surgery. In this case, 31 
degrees of spontaneous correction has been achieved.
Fig. 7. Case #7, right hand of a 13-year-old girl. Clinodactyly of the little 
ﬁ  nger due to the longitudinal epiphyseal bracket. The patient seemed too 
old to be treated with physiolysis only. The open wedge osteotomy of the 
middle phalanx was performed and the space was packed with free fat 
graft. The lateral deviation angle was 40 degrees before surgery.
Fig. 8. Case #7, left hand at the age of 13. The lateral deviation angle 
was corrected 10 degrees 2 years after surgery. Thirty degrees of 
deviation still remained, but the improvement of the shape of middle 
phalanx had been obtained. 51
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grees two years aft  er surgery (Fig. 8). Only 10 degrees of 
improvement was achieved 2 years aft  er surgery. Because 
of the soft   tissue tension at the age of the surgery, complete 
correction could not be achieved. However, an improve-
ment in the shape of the middle phalanx was noticed.
In case #8, a 2-year-old boy was referred to us be-
cause of right central synpolydactyly due to the abnormal 
induction of digital rays demonstrating the longitudinal 
epiphyseal bracket of the proximal phalanx of the ring 
fi  nger associated with the cross bone between the middle 
and ring fingers (Fig. 9A and 9B). The lateral deviation 
angle was 25 degrees before surgery. Syndactyly release 
was performed, the cross bone was resected, and physioly-
sis followed with free fat graft   at the age of 2 (Fig. 9C). Th  e 
lateral deviation angle was changed from 44 degrees to 8 
degrees 8 years after surgery. The shape of the proximal 
phalanx changed from a D shape before surgery to a trap-
ezoidal shape at the fi  nal follow-up (Fig. 10).
Fig. 9. Case #8, right hand of a 2-year-old boy. Synpolydactyly with a cross bone and the longitudinal epiphyseal bracket of the ring ﬁ  nger. (A) There was 
cutaneous syndactyly and overlapping of the middle and ring ﬁ  ngers due to deviation of the ring ﬁ  nger. (B) Roentgenogram revealed the longitudinal 
epiphyseal bracket of the proximal phalanx of the ring ﬁ  nger and a cross bone between the middle and ring ﬁ  ngers. (C) The roentgenogram after removal 
of the cross bone and physiolysis followed with free fat graft.
Fig. 10. Case #8, the appearance and 
roentgenogram 8 years after surgery. 
(A) The ring finger was short, but the 
deviation at follow-up was improved 
compared to before surgery. (B) The 
shape of proximal phalanx changed from 
a D shape before surgery to trapezoidal 
shape at follow-up.52
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Madelung Deformity
In case #3, an 11-year-old girl was referred to us because 
of the Madelung wrist deformity (Fig. 11). During surgery, 
a bone bridge, formed prematurely across the physis of the 
ulnar side of the distal radius, was resected and the space, 
aft  er removal of the bone bridge, was replaced with free fat 
graft   (Fig. 12). Th   e inclination of the distal radius before 
surgery and two and one-half years after surgery was 41 
and 35 degrees, respectively. Th   e palmar shift   of the hand 
was 1.82 before surgery and 1.55 at follow-up. Th  e  promi-
nence of the ulnar head was reduced and the palmar shift   
of the carpal bones was also reduced after surgery (Fig. 
13). Th   e appearance of the wrist deformity was improved 
and the patient was satisfi  ed with the results.
Osseous Syndactyly
In case #4, a 3-year-old boy was referred to us because of 
a left   cleft   hand and osseous syndactyly of the right hand 
and foot due to abnormal induction of digital rays. 
For the left hand, the cleft was closed and the first 
Fig. 11. Case #11, the Madelung defor-
mity treated with physiolysis and free 
fat graft. (A) The appearance of the wrist 
deformity was typical of the Madelung 
deformity. (B) AP view roentgenogram 
of the wrist revealed a bone bridge 
formed prematurely across the physis 
of the ulnar side of the distal radius. 
The ulnar head was overlapped with the 
lunate and triquetrum. (C) Lateral view 
roentgenogram of the wrist revealed 
dorsal subluxation of the ulnar head and 
a palmar shift of the carpal bones. 
Fig. 12. Case #11, postoperative roentgenograms. (A) Two months after surgery. (B, C) Five months after surgery. No bony bride formation was observed 
across the physis of the distal radius.53
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web was widened with the Snow-Little procedure at the 
age of one year. Osseous syndactyly occurred between the 
distal phlanges and the proximal phalanges, but the middle 
phalanges were not united osseously in the right hand (Fig. 
14). The width of the distal interphalangeal joints of the 
syndactylous fi  ngers became wider because the direction 
of the growth of the distal phalanges had been changed 
due to the osseous union at the tip of the distal phalanges 
of the middle and ring fi  ngers (Fig. 15). At the age of three, 
the united distal phalanges were exposed though a palmar 
longitudinal incision and the osseous union was separated; 
the space between these phalanges was fi  lled with free fat 
graft  . Th   e direction of the growth of the distal phalanges 
was changed and no reunion was observed after surgery 
Fig. 13. Case #11, the appearance and roentgenograms 12 months after surgery. (A) The appearance of the wrist deformity was improved. (B) 
The prominence of the ulnar head was reduced. (C) Ulnar inclination was reduced and the overlapping between the ulnar head and carpal bones 
disappeared. (D) Dorsal subluxation of the ulnar head seemed to be reduced. The palmar shift of the carpal bones was improved.
Fig. 14. Case #14, a one-year-old boy 
with osseous syndactyly of the right hand. 
(A) The appearance: there is a common 
nail of the middle and ring fingers. (B) 
Roentgenogram: the distal ends of the 
distal phalanges fused osseously. The 
proximal phalanges of these ﬁ  ngers fused 
completely.54
Ogino et al. Free Fat Graft   for Congenital Hand Diff  erences
Clinics in Orthopedic Surgery • Vol. 4, No. 1, 2012 • www.ecios.org
(Fig. 16A). Separation of the united proximal phalanges 
was not performed since it might worsen the hand func-
tion. At the age 6, the patient wanted to be treated with 
osseous syndactyly release of the middle and ring fi  ngers. 
Syndactyly release was done then with a dorsal rectangular 
flap and a free skin graft; the united proximal phalanges 
were separated and the space between these phalanges was 
filed with free fat graft (Fig. 16B). Reunion of the sepa-
rated proximal phalanges occurred two and a half years 
aft  er the surgery. Th   e patient sustained a distal phalangeal 
fracture at the age of 13 (Fig. 17A). Th   e fracture was fi  xed 
with modified interosseous wiring and osseous union of 
the proximal phalanx of the middle and of the ring fi  nger 
was performed; free fat was graft  ed into the separated pha-
langes (Fig. 17B). Reunion had not occurred 1 year aft  er 
the last surgery (Fig. 17C). Th   e patient got some arc of in-
dependent motion of the middle and ring fi  ngers and was 
satisfi  ed with the results. 
DISCUSSION
The Delta phalanx is defined that the phalanx in which 
Fig. 15. Case #14, the appearance and 
roentgenogram at the age of three. The 
width of the distal interphalangeal joints 
of the syndactylous ﬁ  ngers became wider, 
because the direction of the growth of 
the distal phalanges were changed due to 
the osseous union of the tip of the distal 
phalanges of the middle and ring ﬁ  ngers.
Fig. 16. Case #14, roentgenogram at the 
age of six. (A) The united distal phalanges 
were separated and the space between 
these phalanges was ﬁ  lled with free fat 
graft at the age of three, but there was 
no recurrence of the bone union. (B) This 
was a roentgenogram 7 weeks after the 
syndactyly release of the middle and ring 
fingers. The united proximal phalanges 
were separated and the space between 
these phalanges was ﬁ  lled with free fat 
graft. The distal interphalangeal joint of 
the middle ﬁ  nger was unstable and it was 
ﬁ  xed with a Kirschner wire for 8 weeks.55
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the epiphyseal growth plate runs longitunally, although 
normally, it runs perpendicular to the longitudinal axis 
of the phalanx.
10) It was also defined as the longitudi-
nal bracketed diaphysis or the longitudinal epiphyseal 
bracket.
3,11) The terminology of delta phalanx is used in 
the International Federation of Societies for Surgery of the 
Hand (IFSSH) classification for congenital hand differ-
ences.
12) Some investigators think that the Delta phalanx 
is not the appropriate terminology and recommend using 
the longitudinal bracketed diaphysis or the longitudinal 
epiphyseal bracket.
3,11) Th   e Delta phalanx oft  en appears as 
a part of congenital hand diff  erences, such as central poly-
syndactyly, cleft   hand, thumb polydactyly, clinodactyly of 
the little fi  nger, and others.
8) Th   e same kind of deformity 
appears in metacarpal or metatarsal bones. Th  erefore,  the 
terminology of the Delta bone has been used in the Japa-
nese modifi  cation of the IFSSH classifi  cation.
13,14)
Th   e longitudinal epiphyseal bracket causes deviation 
of the digits and toes. To correct the deviation caused by 
the Delta bone, the selection of surgical procedures, such 
as open wedge osteotomy, closed wedge osteotomy with or 
without bone graft  , or fat graft   with or without osteotomy 
is still controversial.
11,15) Th   e bone graft   is oft  en reported in 
the literature. But in cases for which bone graft   was per-
formed, some recurrence of deformity was reported. Kato 
and his colleague
8) observed the early epiphyseal closure 
in recurrent cases. On the other hand, Light and Ogden
3) 
reported that the longitudinal epiphyseal bracket was 
osteotomized and followed with free fat graft  , sometimes 
supplemented with a bone graft on the opposite side of 
the affected bone. Vickers
4) applied a limited excision of 
the midzone of the continuous epiphysis of the longitu-
dinal epiphyseal bracket, together with the physis and its 
replacement with free fat graft  , and showed that the proce-
dure restored longitudinal growth of the aff  ected bone and 
corrected the deviation of the phalanx of the clinodactyly 
of the little fi  nger.
In this series, the authors got the same results as 
Vickers did, and there were no recurrence and no early 
epiphyseal closure aft  er surgery. Th   erefore, free fat graft   is 
useful to correct the deviation of the digits and toes due to 
the Delta bone.
Improvement and the percentage of improvement 
of the lateral deviation angle after surgery seemed better 
in the physiolysis group than in in the osteotomy group. 
The cases were too small and the statistically analysis 
should be done in the large groups. Th   e ability to correct 
the deviation due to the Delta bone may be great after 
epiphyseolysis, when the deformity is severe. However, in 
the osteotomy group, the ability to correct the deviation 
might decrease, because the deviation was corrected by 
osteotomy during surgery.
The Madelung deformity is characterized by dor-
soulnar prominence of the ulnar head, radiopalmar dis-
placement of the hand and various degrees of shortening 
of the forearm bones. Th   e deformity may appear as a part 
of dyschonroosteosis. Th   e radius is bowed anteriorly and 
the distal radius has turned in an ulnar and palmar direc-
tion. Then the hand displaced palmarly, while the ulna 
proceeded straight to become prominent dorsoulnarly. 
Previously, shortening osteotomy of the ulna, with 
or without corrective osteotomy of the radius, has been 
performed for wrist pain and or correction of the wrist de-
formity.
16-18) In 1992, Vickers and Nielsen
5) reported phys-
iolysis, which includes excision of the bony bridge formed 
prematurely across the physis, and its replacement with fat 
graft  . Th   ey also emphasized release of the tight ligamen-
tous structure - the radiplunate ligament - that is attached 
Fig. 17. Case #14, roentgenograms at the 
age of 13. (A) The reunion of the proximal 
part of the proximal phalanx occurred at 
the age of 8 (two and one-half years after 
the syndactyly release), but it was not 
treated surgically. The patient sustained 
a distal phalangeal fracture at the age 
of 13. (B) The fracture was fixed with 
modified interosseous wiring and the 
osseous union of the proximal phalanges 
of the middle and ring fingers was 
removed and free fat was grafted into the 
separated phalanges. (C) One year after 
the last surgery, there was no bony union 
of the phalanges.56
Ogino et al. Free Fat Graft   for Congenital Hand Diff  erences
Clinics in Orthopedic Surgery • Vol. 4, No. 1, 2012 • www.ecios.org
to the proximal pole of the lunate and the radial groove 
and is called Vickers’ ligament.
In this paper, the authors reported their experience 
of the same procedure reported by Vickers
4) for the Madu-
lung deformity. The improvement of the deformity was 
confirmed with evaluation of the roetgenogram in 2 out 
of 3 cases. In these two cases, the prominence of the ulnar 
head and palmar shift   of the hand apparently improved.
One of the important factors, which infl  uences the 
results of surgery for the longitudinal epiphyseal bracket 
and the Madelung deformity, is the age of the patient at 
surgery. In this series, not enough correction was achieved 
when the surgery was performed for girls with the Mad-
elung deformity aft  er the age of 12 and for girls with clino-
dactyly associated with the longitudinal epiphyseal bracket 
aft  er the age of 13. In these cases, the growth period of the 
bone after surgery seemed too short. Vickers
4) reported 
that, ideally, this procedure should be performed early 
before the deformity is unacceptable. He also stated that 
even in late presentations, with only a few years of growth 
remaining, physiolysis will produce a worthwhile benefi  t. 
Th   e authors also think that the procedure might be useful 
for correction of the Madelung deformity, when the sur-
gery is performed soon enough. From our results, one year 
of growth remaining might be too short a time. The au-
thors think that surgery should be performed sooner than 
12 years old for these conditions. However, in cases with 
hypoplastic brachymesophalangy with the longitudinal 
epiphyseal bracket, for which surgery was done at the age 
of 4, not enough correction of the deviation was achieved. 
Therefore, early surgery should also be avoided for the 
severely hypoplastic middle phalanx with the longitudinal 
epiphyseal bracket.
Free fat graft was used to prevent adhesion of the 
nerve to the surrounding tissue aft  er spine surgery.
19) On 
the other hand, vasucularized free or pedicle fat graft   has 
been used for mobilization of congenital raioulnar syn-
ostosis.
20) We used free fat graft   to prevent reunion of the 
bone aft  er release of the osseous syndactyly. Aft  er excision 
of the bone bridge in the proximal phalangeal type of the 
osseous syndactyly, the base of the proximal phalanx is too 
proximal to be separated by a skin fl  ap. So, some kind of 
interposed materials, for example a silicone sheet or free 
fat graft  , are helpful to prevent recurrence of bone union 
aft  er separation.
21) Free fat graft   has better affi   nity with the 
body than silicone. Th   ere was no recurrence of the bone 
union except in one case aft  er separation of the bone was 
followed with free fat graft. As for the tip of the surgical 
technique, the grafted free fat should be deep enough to 
cover the osteotomy site of the bones, or exposed raw sur-
faces of the bone, aft  er physiolysis. In order to do so, a pull 
out nylon technique might be useful and surgery should 
not be performed too early.
In this study, the authors investigated the outcome 
of free fat graft  s for congenital hand and foot diff  erences. 
Free fat graft was performed after osteotomy or epiphy-
seolysis for the longitudinal epiphyseal bracket and the 
Madelung deformity, and also aft  er separation of the osse-
ous syndactyly. As for the longitudinal epiphyseal bracket 
and the Madelung deformity, spontaneous correction of 
the deviation aft  er free fat graft   with corrective ostronomy 
or physiolysis was achieved in most cases. However, the 
results were not good enough when surgery was done af-
ter the age of 13 or when it was done at the age of four for 
severely hypoplastic brachymesophalangy. As for osseous 
syndactyly, recurrence of bone union was not observed in 
any case except for one. Free fat graft   seems useful to pre-
vent reunion aft  er removal of the bone bridge associated 
with congenital hand problems if it is performed before 
the age of 12 and the aff  ected bone is large enough for os-
teotomy, physisolysis and secure free fat graft  .
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